This paper reports on the effect of actual age measured by month at school entry on test scores, eventual educational attainment, and labor market outcomes, using school test-score data and a labor-force survey of Japan. Japan is an ideal country for examining the pure effect of actual age at school entry on eventual years of education because the length of compulsory education does not vary by birth month and legal administrations assure that almost all children follow a fixed schedule of grade progress. Older children of both sexes in a school cohort obtain higher test scores and more education years than their younger counterparts. This better academic performance translates into higher annual earnings among males.
Introduction
Children start their schooling at different actual ages because schools accept entering students only once a year. For example, primary schools in Japan accept entering students on April 1, and children who turn age 6 on that day or before enter primary schools for that year.
1 Thus those who are born on April 1 or slightly earlier enter primary schools at an early age 6, while those who are born on April 2 or slightly after enter primary schools at a late age 6. Those who are born in April have an advantage compared with those born in March in terms of physical and mental development, and this may have favorable consequences for those born in April. Elder students at school entry perform better because of their higher absolute age or relative age than their peers.
An almost one-year age difference at age 6 could have a large impact on students' academic and physical performance, but this initial gap disappears as children age if the absolute age is an important determinant for initial performance because the fraction of age difference to absolute age disappears as children grow. In contrast, if the initial difference in performance has a causal impact on subsequent performance through feedback effects, such as stigmatization, then the birth month could have a lifetime impact on eventual educational attainment and labor market outcomes. This latter effect is called the relative age effect in the literature, and detecting it is important 1 According to Japanese law, people officially age a day before their birthday.
because if there is such an effect, the educational system could be adjusted so that those who are relatively younger in the same school cohort could receive extra attention.
The general public recognizes the existence of a relative age effect, and, in fact, the entrance examinations of some selective primary schools (Keio and Tsukuba, for example) are given to groups of students divided by the candidates' birth months to treat younger and elder children equally. Previous studies indicate that relatively older students in the same cohort achieve more in school (Thompson (1971) , Allen and Barnsley (1993) , Borg and Falzon (1995) , and Lien et al. (2005) ), are less likely to be diagnosed as having specific learning disabilities (Martin et al. (2004) ), are less likely to commit suicide (Thompson et al. (1999) ), and are more likely to be class leaders in high school (Dhuey and Lipscomb (2008) ). Relative age effects also are found in the field of sports (Dudink (1994) and Helsen et al. (2000) ).
Economists have begun studying the relative age effect on test scores, eventual educational attainment, and labor market outcomes. Bedard and Dhuey (2006) examined the relative age effect on test scores among 4th and 8th graders in various countries and consistently found significant relative age effects. They also found that those who were born early in a school cohort are more likely to attend a 4-year college, based on data from British Columbia in Canada and the US. Using various US data, Datar (2005) , Elder and Lubotsky (2008) , Dobkin and Ferreira (2007) and Cascio and Schanzenbach (2007) also confirmed a significant, relative age effect on various outcome measures, such as test scores, educational attainment, and adult outcomes. Fredriksson and Ockert (2005) and McEwan and Shapiro (2008) obtained similar results for Sweden and Chile, respectively.
As many parents with relatively younger children in a cohort withhold their children because they recognize the disadvantage of being younger in a school cohort, previous studies have been limited to estimating a local average treatment effect. Dobkin and Ferreira (2007) found that parents with high socioeconomic status are more likely to postpone their children's school attendance if their children are younger in a cohort. This finding implies that parents with low socioeconomic status are more likely to be "compliers," and the estimated local average treatment effect was mainly estimated for children with low-SES parents, which could be significantly different from the population's average treatment effect.
Based on students' test score data and a large-scale labor force survey, this study reports the effect of actual age at school entry on educational attainment and labor market outcomes for both sexes in Japan. The research design based on Japanese data is advantageous for estimating the pure effect of actual age at school entry because the Japanese educational system does not induce a variation of educational attainment by the birth month as in the US (Angrist and Krueger (1991) ). In addition, both delaying school attendance and repeating grades are quite rare in the Japanese educational system, and this makes it possible to estimate the population's average treatment effect of birth month on education and labor market outcomes.
An examination of test scores confirms the existing findings by Bedard and Dhuey (2006) for Japan. April-June born students score 0.11 to 0.22 standard deviation higher than January-March born students, on average, in the 4th and 8th grades. This study first finds that this difference in students' academic performance in primary and secondary education does not wash out and has life-long effects on individuals' eventual years of education. The analysis results based on the labor-force survey indicate that April-June 1968
born males in the sample had an average educational attainment of 13.20
years, whereas January-March born males had 13.03 years. This difference in educational attainment translates into an income difference between the two groups of males. Similarly, April-June 1968 born females had 12.96 years of education, whereas January-March born females had 12.88 years.
Contrary to the results for males, April-June born females do not earn more than March-born females, perhaps because of a complex pattern of laborforce participation.
The rest of this paper is organized as follows. Section 2 briefly introduces the Japanese educational institutions related to this analysis. Section 3 introduces the data sets used in the study. Section 4 lays out the estimation results. Section 5 further discusses the robustness of the analysis results.
The last section provides conclusions.
The Japanese school system is similar to that of the US. Compulsory education consists of 6 years of primary school and 3 years of junior high school.
After junior high school, students can choose to attend 3 years of high school or 5 years of technical college (Kosen). After high school, the choices are 2 years of junior college or 4 years of college. Then students may choose to study in graduate school for advanced degrees. In public schools, tracking based on academic performance starts from high school. For an illustration, see Figure 1 .
The school system is legally defined in the School Education Law (SEL) enacted in 1947. SEL article 22 requires parents to send their children to primary schools once their children will turn age six before the school starting day, which is April 1. According to Japanese law, people become their new age a day before their birthday; thus, children born on April 1 enter primary schools on their 6th birthday, while those born on April 2 enter primary schools on the day before their 7th birthday. So there is about a one-year maximum chronological age difference among students in the first grade.
SEL Article 23 allows a delay in school entry because of a child's illness or underdevelopment, but this exception is rarely applied. In 2004, 7,200,933 children at the primary school age (ages 6 -12) attended primary schools, while 2,261 did not; thus the percentage of exemption is 0.03 percent. The law does not clearly prohibit students from learning in the grade above the scheduled grade, but in court cases, judges have ruled against allowing students to do so, at least in primary and junior high school. The fact that almost all children start attending school without delay or advancement contrasts with the situation in the US, where postponing school attendance has become popular among educated parents (Elder and Lubotsky (2008) Angrist and Krueger (1991) to estimate the return to education under the assumption that the quarter of birth affects earnings only through educational attainment. The Japanese institutional setting does not create a variation in the number of years of schooling by birth month. Therefore, if there is a variation in the years of education depending on the birth month in Japan, the variation is induced by individual choice.
Pre-primary school education is quite popular in Japan 4 Whether a student is behind the age-grade schedule or not is regressed on the birthmonth dummy variables along with other explanatory variables, and the results are reported in Appendix Table 1 . Only for 4th-grade girls, the January-March born are more likely to be behind than those who are born in other months. If low-ability students are more likely to be behind, estimates obtained from the sample that excludes those who are behind underestimate the effect of birth month on test scores. income ranges denominated by thousand yen are: 500 or less, 500-990, 1,000-1,490, 1,500-1,990, 2,000-2,490, 2,500-2, 990, 3, [0] [1] [2] [3] 990, 4, [0] [1] [2] [3] [4] 990, 5, [0] [1] [2] [3] [4] [5] 990, 6, [0] [1] [2] [3] [4] [5] [6] 990, 7, [0] [1] [2] [3] [4] [5] [6] [7] 990, 8, [0] [1] [2] [3] [4] [5] [6] [7] [8] 990, 9 ,000-9,900, 10,000-14,900, and 15,000 or above. These ranges are transformed into a continuous variable by using the center value for each range and 150,000 thousand yen for the highest range.
Estimation Results

Results from the Test Score Data
This subsection aims at updating the findings by Bedard and Dhuey (2006) based on the TIMSS 1995 and 1999 for Japan by using TIMSS 2003. I divide children into four groups by birth month: April-June born, July-September born, October-December born, and January-March born. The average test scores of these four groups are compared to examine the relative age effect.
The April-June born are the eldest in a school cohort, and the January-March born are the youngest. The children could be divided into finer groups by birth month, but this division is chosen for an efficiency consideration, and the results reported below do not essentially change by the choice of birthmonth grouping. Table 1 . Relatively younger students in a cohort tend to score lower than elder students.
Also, younger children in a cohort are less likely to have mothers and fathers who graduate from 4-year college or above. This finding is consistent with the finding by Kureishi and Wakabayashi (2006) that working women with a higher educational background tend to deliver babies in April because they can send their children to nursery before their one-year maternity leave ends.
Thus, higher test scores by older children could partly come from having a better family background. To alleviate the problem, several variables that indicate family background are controlled for in the estimation of the effect of birth month on educational attainment. Because of the low response rate for parental educational background, these controls are not perfect, however, and we should exercise caution that higher test scores among elder students are partly a result of their better family background compared with younger students. Table 3 indicate that January-March born children score about 0.19 standard deviation below April-June born children among 4th-grade boys.
The difference is 0.22 standard deviation for 4th-grade girls, as reported in Column 2. Columns 3 and 4 of Table 3 report the results for 8th graders.
The difference between the April-June born and the January-March born in the test scores is attenuated to 0.11 standard deviation for 8th-grade boys.
Similarly among 8th-grade girls, the difference is attenuated to 0.16 standard deviation. Appendix Table 2 reports the results for science test scores and exhibits qualitatively similar results.
Overall, there is clear evidence that those who enter primary school at an older age perform better than their younger counterparts based on the TIMSS 2003. The size of coefficients for 4th graders in this study is comparable with the findings for Japan by Bedard and Dhuey (2006) , who report 0.24 for 4th graders based on the TIMSS 1995 and 1999. But, the coefficient for 8th graders is smaller than the 0.23 that they found.
Results from the Labor Force Survey
The Further caveat on using father's years of education as a proxy variable for respondents' unobserved ability should be emphasized because it is an imperfect proxy variable. Results in Table 4 , Panels A and B, Columns (1) arguably suggest that restricting the sample to those who live with their fathers at ages 30-34 creates the samples with low unobserved ability for males and high unobserved ability for females. If the effect of birth month on school and labor market outcomes is heterogenous across unobserved ability, the effects estimated from these restricted samples could arguably be the average effects among low ability male and high ability female.
Conditional on the presence of the father in the same household, the father's years of education is regressed on the respondent's birth-month dummy variables. The estimation result for males, reported in Table 4 percentage points more likely to be employed than January-March born people but earn almost the same amount (Table 4 , Panel B, Columns 4 and 5).
For males, the relation between the birth month and educational outcomes carries over to the labor-market outcome, and relatively younger people in a school cohort earn less than their elder counterparts. In contrast, reading the systematic patterns of the female results is rather difficult, perhaps because of the complicated effect of birth months on labor-force participation.
The regression results for years of education indicate a discontinuity between the January-March born and the April-June born, probably because of the relative age effect. It is then interesting to examine at which margin of the years of education the discontinuity between the late born and the early born occurs. The margin of the treatment is identified by running the following regression for s=12, 14, and 16:
where S is the years of education, D is the vector of the birth-month dummy variables, and 1(·) is an indicator function. The results of the regression appear in Table 5 . The results indicate that being April-June born uniformly increases the probability of finishing high school (s = 12), finishing junior college or technical college (s = 14), and finishing 4-year college (s = 16) by around 2.7 percentage points for males and by 1.2 percentage points for females. A similar amount of discontinuity across educational attainment suggests that the effect of birth month on academic outcomes does not wash out as students age. These results support relative age effects rather than absolute age effects.
Results so far indicate that elder people in a school cohort perform better than younger people both in schools and in labor markets based on the comparison between April-June born and January-March born groups. However, one may be concerned that unobserved heterogeneity between the two groups causes the gap in outcomes. One way to address this reasonable concern is to narrow the comparison window that presumably equalizes the distribution of unobserved characteristics across groups. Birth month may be correlated with parental SES through strategic birth timing but, because of the difficulty in exact timing, being born in March or April is arguably random.
Based on this presumption, the gap in outcomes between March and April born is examined to see the effect of birth month on outcomes. Table   3 . These sharper results are a product of the narrower comparison window.
Columns 3 to 5 report the results for eventual years of education and labormarket outcomes based on the ESS. As for the result of eventual years of education reported in Column 3, the March born group has less education than the April born group and the size of the coefficient is comparable to the gap between the January-March born and April-June born reported in Table 4 , Panel A, although the estimated coefficient loses its statistical significance because of the smaller sample size. Column 4 reconfirms that birth month does not affect employment status, which was previously found in Table 4 , Panel A. Column 5 indicates that the March born earn about 5 percent less than the April born and this magnitude is comparable to the gap between the January-March born and the April-June born reported in Table 4 , Panel A. Table 3 , but the result of 8th graders reported in Column 2 is larger than the result in Table 3 . Results based on the ESS reported in Columns 3 to 5 reconfirm that elder students in a school cohort have longer eventual years of education, are more likely to be employed, and earn almost the same amount compared with younger people in the same school cohort.
Overall, applying a narrower comparison window basically renders identical results and confirms the robustness of previous results based on the quarter of birth.
Conclusion and Policy Implication
This paper examined whether those who are older in a school cohort do better than their younger counterparts in terms of educational attainment and labor-market outcomes using student test-score data and a labor force survey from Japan. The phenomenon in which older children in a school cohort take advantage of their physical and mental maturity is called the relative age effect in the developmental psychology literature, and it is widely confirmed in both educational performance and sports.
This paper exploits the feature of the Japanese school system that defines the school-entering time by the child's age on April 1. Those who are born on April 1 or before enter primary schools at the beginning of age 6, while those who are born on April 2 or after start at the end of age 6. Thus those who are born in March presumably are at a disadvantage compared with those who are born in April. Exploiting this feature, we can identify the effect of age at school entry on educational attainment and labor market outcomes.
As the law requires a uniform 9 years of compulsory education irrespective of birth month, Japan is an ideal country for estimating the pure effect of age at school entry. In addition, the compliance with the de facto rule of grade progression by almost all children reduces the gap between the local average treatment effect and the average treatment effect.
The analysis results indicate that male 4th and 8th graders who were born right after the cut-off date scored about 0.2 standard deviation more than those who were born right before the cut-off date, and the gap was similar for females. This test-score gap in school by birth month translates into a difference in eventual education attainment. Both males and female who were born between April and June had more education than those who were born between January and March. The initial advantage of early-born over late-born children in primary school persists and develops into a difference in eventual educational attainment. This difference in educational attainment seem to turn into a difference in annual income among males. The persistent effect of age at school entry on outcomes suggests the importance of the relative age effect rather than the absolute age effect.
The use of school tracking during the early stage of education without giving careful consideration to the relative age effect will exacerbate the situation. The Japanese public school system usually starts tracking in high school, but in the last several years, some local governments have initiated tracking during junior high school. Extra attention should be paid to the relative age effects at the time of students' admission.
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